Abstract -Phytosociological characteristics of grassland communities above serpentines (order Halacsyetalia sendtneri H. Ritter-Studni~ka 1970) in Serbia, are analyzed according to Braun-Blanquet methodology. In order to detect the basic floristic differentiation of analyzed communities ordinary correspondence analysis was applied. Cluster analysis was also performed to see the structure and separation of the communities based on the floristic composition. In order to determine diagnostic species, fidelity indices with presence/ absence data and the size of all groups standardized to equal size were calculated. The new association Stipetum novakii is described in open rocky serpentine grasslands in Brdjani Gorge.
Introduction
Serpentine (ophiolithic, ultramafic) rocks represent a group of siliceous rocks which are characterized by calcium deficiency, high concentrations of aluminium, iron, magnesium, nickel, cobalt and chromium, and a few plant nutrients. In contrast to other acid siliceous rocks, the pH values of the serpentine substrate vary from basic to ultrabasic (pH 5.5-8) . Serpentine flora and vegetation differ from those occurring on other types of siliceous substrates or limestone. Open serpentine habitats are characterized by pronounced thermophilous character and xeric conditions. The xerothermic character of serpentine plants is also enhanced by the specific chemical composition of the serpentine substrate (STEVANOVI] et al. 2003) . All of this results in a great number of specific adaptations (nanism, purpur-
Materials and methods

Study area
The community dominated by Stipa novakii has been studied on serpentine rocky soils and small screes in different phases of genesis in Br|ani Gorge in Serbia. Br|ani Gorge is located high between Mt Vujan and Ilijak hill. It is 5 km long, 5 km away from the town of Gornji Milanovac, extending in a north to south direction, passing through the Ibarska highway. The gorge was cut by the Western Morava 3 rd rank tributary, the Despotovica. The sides of the gorge are slanted at an angle of 10-70°, at an altitude around 300 m. Geologically, the gorge is mostly composed of the serpentine habsburgite-serpentinite. Rock erosion led to the formation of a pedological layer. These are rather shallow soils of low fertility and rock particles are abundantly and inherently present. The soil is eroded and has a mildly alkaline to neutral reaction (VI]ENTIJEVI]-MARKOVI] 2004). The xerophilous oak forests of the alliance Quercion frainetto represent the potential of vegetation in this place (HORVAT et al. 1974) . However, since the major parts of the forests are completely degraded, the dominant vegetation type in this place is steppe-like grassland vegetation. Climate type in this area is temperate-continental, but in its slighter subhumid variant (Fig.  1.) . The annual mean temperature is 10.8°C and the annual precipitation is 796 mm. January is the coldest month with a temperature of -3.8°C, while August is the warmest with atemperature of 26.5°C. The wettest month is May with a precipitation of 89 mm and February is the driest, with 50 mm (HIJMANS et al. 2005) . The vegetation period lasts eight months. It is important to say that the greatest amount of precipitation comes precisely during the vegetation season (from April to June), winter is the driest season, and winds are not frequent.
Field sampling
Sampling was done according to the methodology and protocols traditionally used in phytosociology. Relevés were made according to BRAUN-BLANQUET (1964) . Plot size was usually 25 square meters, with the exception of three stands which were made on smaller relevé area (6, 20 and 14 m 2 ) because of the terrain features. The stands were recorded on serpentine soil on altitudes between 320 and 360 m on south, east and south-east exposed slopes with an inclination of 10 to 40°. Cover of rocks within the stand area varied from 10-70%. The sampling period was spring, 2011. Nomenclature of plant taxa, with a few exceptions, follows the FLORA EUROPAEA DATABASE. All taxa with authors' names quoted in the paper are given in table 1.
Data analysis
In order to detect specificity and resolve the syntaxonomy of the community dominated by Stipa novakii, we processed 185 relevés belonging to 18 associations traditionally included in the alliance Centaureo-Bromion fibrosi (Halacsyetalia sendtneri), distributed throughout the territory of Serbia (Table 1, Fig 2) . The communities Eryngio-Brometum fibrosi Z. Pavlovi}, 1962 ex V. Randjelovi} 2004 and Halascya sendtneri-Potentilla mollis Z. Pavlovi} 1962, are described just on the basis of two relevés and hence not included in numerical analyses.
After transformation of Braun-Blanquet abundance-cover scale according to WESTHOFF and VAN DER MAAREL(1973) , the relevés were subjected to correspondence analysis (CA) in order to detect the basic structure of the floristic composition. Relevés that showed a significant deviation from the main core of the relevés typical of the analyzed vegetation were excluded from further numerical analysis. Finally, the main core of relevés was classified using the UPGMA (unweighted pair-group average linkage) cluster method based on Chord distance as a heterogeneity measure. These analyses were performed using FLORA software (KARAD@I] et al. 1998) .
Due to the fact that traditionally recognized characteristic and differential species, in most cases, have mainly regional validity, the same species can occur in different species combinations in different regions (e.g. in other mountain ranges as a consequence of a different florogenesis). This is the case with all the mentioned lists of Balkan syntaxa in which characteristic and differential species are characterized with a high degree of A NEW SERPENTINE ROCKY GRASSLAND ASSOCIATION
Fig. 2.
The map of the localities of analyzed communities. The distribution is mapped using an underlying 10 x 10 UTM coordinate grid 100 x 100 km (UTM Grid zone 34, the black dots with the corresponding ordinal numbers represents the localities of the communities listed in table 1. The black square represents the locality of the Stipa novakii community. subjectivity, rather intuitive than objective. Therefore, in this article, we used the concept of diagnostic and dominant species proposed by CHYTRÝ et al. (2002) and CHYTRÝ and TICHÝ (2003) . Using the statistical measures of fidelity, we quantified concentrations of species occurrences in groups of classified sites in order to determine diagnostic species (CHYTRÝ et al. 2002) . The size of the site groups in the data set is virtually equalized, while the relative frequencies of species occurrence within and outside of these groups are kept constant (TICHÝ and CHYTRÝ 2006) . Then, fidelity is calculated using the F-values of the association. With the use of this approach, species fidelity to a community types does not depend on the number of available field records. Since these values of fidelity measures are not the functions of statistical significance of fidelity, we performed the Monte Carlo test of significance of observed maximum indicator value for species with 4999 permutations. For the calculation of F-values, PcOrd 6.0 software (MCCUNE and MEFFORD 2011) was used. In order to determine dominant species we calculated the coverage index (Ic) according to LAUSI et al. (1982) . In the purpose of defining the geoelements we used the groupings made by MEUSEL et al. (1965 MEUSEL et al. ( , 1978 , MEUSEL and JÄGER (1992) , modified for the Serbian territory by STEVANOVI] (1992).
Results
Ordination
Correspondence analysis has shown that the relevés of ass. Festuco sulcatae-Potentilletum zlatiborensis are completely separated from the rest of the relevés along the negative part of the first principal axes (Fig.3) , which correlates with the highest extent of variability (about 85%). At the same time, this analysis completely separated the relevés with the domination of Stipa novakii from the rest of the communities along the positive part of the second axis. It can also be seen that the Kosovan site groups Festuco-Plantaginetum serpentini, Hyperico-Euphorbietum glabriflorae and Stipeto-Convolvuletum compacti are well separated along the negative part of the second axis. The rest of the relevés representing the Centaureo-Bromion fibrosi communities are concentrated in the centre of correspondence space.
Classification
The results of the cluster analysis, performed on the data set from which relevés of ass. Festuco sulcatae-Potentilletum zlatiborensis were excluded has shown that three main »stand groups« (clusters) could be differentiated. The cluster that separates at the highest heterogeneity level consists of two relevés from the ass. Poo molinieri-Plantaginetum holostei. These two stands are separated from the community they belong to, probably because they were recorded in open rocky grasslands, covering up to 25% and at higher altitudes of 1250 m a.s.l. From 91 species in total in these stands, only 10 and 12 species of the association are present. At the next level two main clusters can be seen, one of them representing the community dominated by Stipa novakii, and the other one representing the rest of the Centaureo-Bromion fibrosi communities. Within this last cluster, at different heterogeneity levels, 18 small subclusters can be distinguished. Each of them represents a more or less discrete community (Fig 4) .
Dominant and diagnostic species
Five taxa out of 476 were exclusively present in the Stipa novakii community from Br|ani Gorge, whereas 445 taxa were exclusive for the rest of the analyzed communities (Centaureo-Bromion fibrosi) and absent from the relevés from Br|ani Gorge. Only 26 taxa were present in both groups.
The most frequent and the most abundant species with large coverage indices in Stipa novakii community are: Stipa novakii Chamaecytisus hirsutus (L.) Link, Erysimum linariifolium Tausch, Silene bupleuroides L., Artemisia lobelii All., Galium purpureum L., Chrysopogon gryllus (L.) Trin., Polygala supina Schreber and Cheilanthes marantae (L.) Domin (Tab. 2).
Species with the highest F-values, and a high degree of fidelity to this community are: Stipa novakii, Chamaecytisus hirsutus, Erysimum linariifolium, Polygala supina, Chrysopogon gryllus which again indicates that these species could be diagnostic for this community. A set of species characterized by relatively high Ic-values, but very low 
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Phytogeographic analysis
Floristic composition of Stipa novakii community showed the dominance of species of Mediterranean-sub-Mediterranean and Pontic-sub-Mediterranean geoelements (11 taxa i.e. 35% in each chorological type). Taxa with centres of distribution primarily in the central European or mountain regions are present in much lower numbers (Tab. 2). Since the community is developed in serpentine open rocky grasslands, such a floristic composition was expected. These habitats are known to have extremely thermophilous character, conditioned by the serpentine geological substratum, and the deriving shallow and poor soils, developing on more or less steep slopes with southern expositions.
All the results presented suggest that the community dominated by Stipa novakii developed on open serpentine rocky soils in Br|ani Gorge is well differentiated from other associations within the alliance Centaureo-Bromion fibrosi, and we propose a new association under the name Stipetum novakii ass. nova hoc loco. 
Discussion
In the analyzed serpentine rocky grasslands vegetation, only 5 out of 476 taxa were exclusively presented in stands dominated by Stipa novakii. All of the investigated communities had 26 taxa in common, with a certain number of Balkan serpentine endemics among them, such as: Scrophularia canina subsp. tristis, Silene bupleuroides, Scabiosa fumarioides Vis. et Pancic, Halacsya sendtneri and others, suggesting that they really do belong to the same higher syntaxa. Of the taxa, 454 were not recorded in the community from Br|ani Gorge, and were present only in the rest of the Centaureo-Bromion fibrosi communities. The most frequent and the most abundant species present in the stands from Br|ani Gorge is Stipa novakii. This is an endemic species for West Serbian serpentines. Its range descends southwards Kosovo, where it is gradually replaced with another endemic species, Stipa mayeri Martinovský. The endemic status of its dominant species implies the endemic status of the community Stipetum novakii itself.
Correspondence analysis has shown, firstly, that ass. Festuco sulcatae-Potentilletum zlatiborensis is completely separated from all other analyzed communities, representing well-supported syntaxa. In addition to its obvious detachment from other communities, we have noticed that the community was listed within Halacsyetalia sendtneri and Centau-reo-Bromion fibrosi by mistake. Due to ecological, physiognomic and structural characteristics such as closed plant cover with ground cover of 90-100%, a typical grassland look, the fact that it is developed on plateaus (slope = 0-5°, extremely 15°) with the thicker soil layer with more humus, a higher floristic richness (86 registered species), in the original paper in which it was published, it was considered to be an Since our numerical analysis showed that the heterogeneity level that separates Stipetum novakii ass. nova from the rest of the analyzed communities provides a sufficient basis for conferring on it the status of the association and also indicates that a new alliance should be introduced, further analyses are needed in order to get a more consistent syntaxonomic classification within the order Halacsyetalia sendtneri.
